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@ Novel fctslon protein. 

@ A recombinant DMA molecule comprising a nucleotide 
sequence which codes an expression for a fusion protein In 
which a foreign protein or peptide is fused with the enzyme 
glutathione-S-transferase, is disclosed, as welt as expression 
vectors or host ceDs containing such a molecule. Optionally, the 
foreign protein or peptide is fused to the enzyme through a 
cleavable Rnlc Also disclosed is an expression vector having 
Inserted therein a nucleotide sequence capable of being 
expressed as the enzyme glutathlone-S-transterase followed by 
at least one restriction endonuclease recognition site for 
insertion of a nucleotide sequence capable of being expressed 
as a foreign protein or peptide fused to the gtutathione-S-trans- 
ferase. 
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Description 



NOVEL FUSION PROTEIN 



BACKGROUND OF THE INVEhmON 5 

This invention relates to the cloning and express- 
Ion of foreign proteins and polypeptides in bacteria 
such as Escherichia coll . In particular, this Invention 
relates to the expression of bacterially synthesised 10 
foreign proteins or polypeptides as fused polypep- 
tides which are in general soluble and which can be 
readily purified from bacterial lysates without altering 
the antigenicity or destroying the functional activity 
of the foreign protein or polypeptide. IS 

A number of different vectors have been de- 
scribed that direct the expression of foreign poly- 
peptides !n Escherichia coH (reviewed by Harris, 
1983; Marston, 1986; Mclntyre et^., 1987). Some 
vectors have been designed to simplify product 20 
purification but a difficulty common to most of these 
systems is that denaturing reagents are required to 
mabitain the solubility of proteins or to elute them 
from affinity reagents. Denaturatlon may be ex- 
pected to alter the antigenicity and destroy any 25 
functional activity of the foreign polypeptide. For 
example, polypeptides expressed as NHa-terminal 
or COOH-terminal fusions with E.coli p-galactosi- 
dase (Gray et.al., 1982; Koenen et.al., 1982; Ruther 
& Muller-Hill. 1983) and that are soluble In 1.6 M 30 
NaCi, 10mM p-mercaptoethanol can be purified from 
cmde cell lysates by affinity chromatography on a 
column of p-aminophenyl-p-D-thiogalactoside fol- 
lowed by elutlon in 0.1 M sodium borate pH 10. 
lOmM ^mercaptoethanol (Germino et.al., 1983; flff 
Uftmann, 1984). Such fusion proteins will also bind to 
immobirised anti-p-galactosidase antil>odies and can 
be recovered by elution in solutions of high or low 
pH (Promega biotec). Attematively, fusions with 
P-galactosidase that lacl< the last 16 COOH-terminal 40 
amino acids of p-galactosidase are frequently Inso- 
luble (Itakura et.al.. 1977; Young & Davis, 1983; 
Stanley & Luzio, 1984) and so can be purified from 
tiw insoluble fraction of lysed bacteria after resolu- 
bilisation by treatment with denaturing reagents 45 
(Marston, 1986). The same method can be used to 
purify polypeptides expressed as kisoluble COOH- 
terminal- fusions with a protein containing the trpE 
leader sequence and the COOH-termtnal third of the 
trpE protein (Kleld et.al.. 1981 ). Apart from the use of SO 
denaturing conditions, these methods suffer from 
the disadvantage that the E.coli proteins used as 
carriers may dominate an immune response to the 
fusion protein, particularly in the case of fusions with 
p-galactosidase (Mr 116.000), and may elicit anti- 55 
bodies that show undesirable cross-reactions. 

Other expression vectors direct the synthesis of 
polypeptides as fusions with the COOH-terminus of 
staphyloccocal protein A that can be purified from 
cell lysates by affinity chromatography on a column 60 
of human IgG-Sepharose (Uhlen et.a].. 1983; Nilsson 
etal.. 1985; Abrahmsen et.al^ 1986; Lowenadler 
et.al., 1986). Because of the high affinity of protein A 



for IgG. denaturing conditions are usually required 
for the elution of fusion proteins although alternative 
strategies can be employed such as competition 
with excess native protein A, the use of sheep IgG 
which has a lower affinity for protein A (Nilsson et.aJ., 
1985) or reduction In the size of the protein A carrier 
such that its affinity for IgG is reduced (Abrahmsen 
et.al., 1986). A more serious difficulty Is that the 
binding of fusion proteins to IgG complicates the 
immunological screening of clones or analysis of 
recombinant products since antibodies that bind to 
protein A will recognise every fusion protein, 
regardless of their other specificities. 

Another strategy for the purification of foreign 
polypeptides from E.coli is to produce polypeptides 
tfiat contain poly-arginine at their COOH-termlnus 
(Sassenfeld & Brewer, 1984). The strongly basic 
arginine residues increase the affinity of fusion 
proteins for anionic resins so that fusions can t>e 
purified by cation exchange chromatography, follow- 
ing which the COOI^-terminal arginine residues can 
be removed by treatment with carfooxypeptidase B. 
Otiier vectors direct the secretion of polypeptides 
Into the periplasmic space or into the culture 
medium and although levels of expression are often 
low. secreted polypeptides are protected from 
degradation by bacterial proteases and separated 
from most ottier proteins (Marston, 1986; Ab- 
rahmsen etal., 1986; Lowenadler etal.. 1986; Kato 
et.al.. 1987). These last approaches have been used 
successfully In some instances, but their generality 
is unclear, particularly for polypeptides containing 
many acidic residues or that are largely hydrophobic. 



SUMMARY OF THE If^NTlON 

According to one aspect of the present Invention, 
there is provided a recombinant DNA molecule 
comprising a nucleotide sequence which codes on 
expression for a fusion protein In which a foreign (or 
heterologous) protein or peptide component Is 
fused with the enzyme glutathlone-S-transferase, 
preferably with the COOH-terminal of ttie enzyme. 

The novel fusion protein of the present invention 
having the foreign peptide component fused to the 
enzyme glutathlone-S-transferase (E.G. 2.5.1.18) 
avoids several of the difficulties associated with 
known fusion proteins. In particular, the fusion 
protein of this invention is soluble and can be 
purified from bacterial lysates under non-denaturing 
conditions, for example by affinity chromatography 
on a column of Immobilised glutathione. 

In one particular embodiment of this invention 
described in detail herein, the enzyme is a gluta- 
thIone-S- transferase of the parasite helmintii Schis- 
tosoma japonica The glutathione-S-transferase in 
the fusion protein may, however, be derived from 
other species including human and other mammalian 
glutathlone-S-transferase. 

In work leading to the present Invention, It has 
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been shown that a wide variety of eukaryotic 
polypeptides can be expressed in E.coli as soluble 
and stable glutathione-S-transferase fusion proteins 
that can be readily purified under physiological 
conditions. 

In another aspect, this invention provides an 
expression vector, such as a bacterial plasmid. 
having inserted therein the nucleotide sequence as 
descrit>ed above. Such an expression vector will 
preferably also comprise an expression control 
sequence operatively linlced to the nucleotide se- 
quence for expression of the fusion protein. In 
addition, the present Invention extends to a host cell 
containing this expression vector. 

The present Invention further extends to a method 
for production of a fusion protein, which method 
comprises the steps of culturing a host cell 
containing an expression vector as described atx)ve 
to provide expression of said fusion protein, and 
optionally recovering the fusion protein from said 
cell culture. 

Since the fusion protein is generally soluble and 
readily recovered from bacterial fysates. the 
preferred method of recovery of the fusion protein 
comprises the steps of lysing the bacterial cells, and 
recovering the fusion protein from the bacterial 
lysate by contacting it with immobilised glutathione. 

The fusion protein of the present invention may be 
used as such, since the foreign protein or peptide 
component thereof retains its antigenicity and 
functional activity. Alternatively, the fusion protein 
may be cleaved to provide synthetic foreign protein 
or peptide. If production of such synthetic foreign 
protein or peptide is desired, a cleavable link is 
preferably provided in the fusion protein between 
the glutathione S-transferase and the foreign (or 
heterologous) protein or peptide component. 

Since the present invention is amenable to the 
expression and purification of a variety of foreign 
proteins or peptides. In another aspect the present 
inventk>n provides an expression vector, such as a 
bacterial plasmid, having inserted therein a nucleo- 
tide sequence which codes an expression for the 
enzyme glutathione S-transferase followed by at 
least one restriction endonuclease recognition site 
for Insertion of a nucleotide sequence capable of 
being expressed as a foreign (or heterobgous) 
protein or peptkle. 



DETAILED DESCRIPTION OF THE INVENTION 

In one specific illustration of the present inventk>n. 
there has been constructed a series of plasmid 
expression vectors (pGEX) that simplify the purifica- 
tion of foreign polypeptides produced in E.coli . A 
plasmid that directs the synthesis of enzymatically- 
active Sj26 in E.coli has been constructed (Smith 
etal.. 1987b). Many mammalian glutathione S-trans- 
ferase isozymes can be purified by affinity chromato- 
graphy on immobilised glutathione followed by 
elution through competition with excess reduced 
glutathione (Simons & Vander Jagt, 1977; Man- 
nervik. 1986) and this property Is shared by both 
native Sj26 and recombinant Sj26 produced In E.coD 



(Smith et.al.. 1986. 1987b). In accordance with the 
present inventton, polypeptides are expressed as 
COOH-terminal fusions with the Mr 26,000 antigen 
(Sj26) encoded by the parasite helminth Schisto- 
5 soma japonicum as a glutathk)ne-S-transferase and 
can be purified under non-denaturing conditions by 
affinity chromatography on immobilised glutathione. 
Soluble material from lysed bacteria is nriixed with 
glutathione-agarose beads and after washing, fusion 

10 protein is eluted. for example, with 50mM Tris-Ha 
(pH 8.0) containing 5mM reduced glutathione. Using 
batch washing procedures, several fusion proteins 
can be purified in parallel in less than two hours with 
yields of between 1.6 and 15 mg/lltre of culture. 

15 Glutathione-agarose t>eads have a capacity of at 
least 8mg fusion protein/ml swollen beads and can 
either be used several times for different prepara- 
tions of the same fusion protein or else recycled by 
washing with 3 M Naa (Simons & Vander Jagt. 

20 1981). 

This system has been successfully applied to the 
expression and purificatk>n of various antigens of 
P.falciparum . Of 21 different P.faiciparum cDNAs or 
cDNA fragments that have been expressed in the 

2S pGEX vectors, 14 have given rise to soluble or 
partially soluble fusion proteins that could be 
purified by affinity chromatography on Immobilised 
glutathione. 

In a minority of cases, purification has been 

30 unsuccessful and these failures are all attributable to 
insolubility of the fusion protein. Insolubility Is a 
frequent characteristic of foreign proteins ex- 
pressed in E.Coll (Hanis, 1983: Marston. 1986) and 
in this context it Is surprising that the majority of 

35 glutathione S-transferase fusion proteins are wholly 
or partly soluble. Uttle Is known about the factors 
responsible for insolubility (Marston. 1986) but in 
several instances Insolubility of glutathione S-trans- 
ferase fusion proteins Is associated with the 

40 presence of strongly hydrophobic regions and 
elimination of these regions greatly Increases sta- 
bility and/or solubility. Other insoluble fusion pro- 
teins either contain many charged residues or are 
larger than Mr 100.000. Insoluble fusion proteins can 

45 nevertheless be purified by affinity chromatography 
if they are solubllised in a soiubiPising agent which 
does not disrupt binding to glutathione-agarose, 
such as 1<M) Triton X-100, m Tween 20, lOmM 
dithiothreitol or 0.03<Vb NaDodS04. Purification of 

50 Other insoluble fusion proteins must be by conven- 
tional methods (Marston, 1986) unless the polypep- 
tide can be expressed in several fragments that each 
fomn a soluble fusion protein. Insolubility has 
sometimes been associated with increased protein 

55 stability in E.coli (Cheng et.al.. 1981), but not In other 
cases (Schoemaker et.al.. 1985). Although there are 
some exceptions, in general both insoluble and 
soluble glutathione S-transferase fusion proteins are 
stable, and where direct comparison is possible, the 

60 stability of a polypeptide expressed as a soluble 
glutathione S-transferase fusion Is similar to that as 
an insoluble P-galactosidase fusion. 

Good antibody responses have been generated 
against the foreign polypeptide portion of fusions In 

65 Invnunised mtoe, rabbits and sheep. In particular. 
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responses appear to be as good as or better than 
those to equivalent p-galactosidase fusions, per- 
haps reflecting the smaller size of the gfutathione 
S-transferase carrier (Mr 26,000 compared whh Mr 
1 16.000). Responses to Sj26 vary in different mouse 5 
strains (Davem et.al., 1987) and similar variation is 
observed in the response to polypeptides ex- 
pressed as fusions with glutathione S-transf erase. 

Purified glutathione S-transferase fusion proteins 
appear to be good substrates for cleavage by 10 
site-specific proteases. There are few previous 
reports of the successful use of site-specific 
proteases in the cleavage of fusion proteins purified 
from E.COH (Germino & Bastia, 1984; Nagal & 
Thogersen, 1984) perhaps because of denaturing IS 
reagents required to resolubilise insoluble fusion 
proteins inhibit proteolysis. In contrast, many gluta- 
thione S-transferase fusion proteins are soluble 
under conditions that are known to be optimal for 
proteolysis. Preferably, the protease used is one 20 
which does not deavia the glutathione S-transferase 
carrier and so after proteolysis the polypeptide 
product can be separated from the carrier and any 
uncleaved fusion protein by absorption with gluta- 
thione-agarose. Suitable site-specific proteases in- 25 
elude, for example, thrombin or blood coagulation 
factor Xa as described in detail herein, or renin 
(Haffey et.al., 1987). 

The combination of high-level expression, frame- 
shifted cloning sites, rapid purification and efficient 30 
site-specific proteolysis of fusion proteins v^'Il make 
the pGEX vectors a powerful system for the 
expression of foreign polypeptides in E.cofi . In 
addition to simplifying the expression and purifica- 
tion of polypeptides, the vectors may provide an 35 
inexpensive alternative to the chemical synthesis of 
peptides for use as immunogens or as immuno- 
chemical reagents. The vectors may also be con- 
venient for the constructkin of cDNA libraries 
especially since repression of the tac promoter by 40 
the plasmid encoded lad** allele should be efficient In 
E.coli strains that have high transformation efficler>- 
cies, regardless of their laci status. Transformants 
can be screened by conventional nucleic acid or 
immunochemical techniques and fusion proteins 45 
encoded by clones of interest purified by gluta- 
thlone-affinity chromatography. 

The novel fusion proteins of the present invention, 
together with the various other aspects as broadly 
outlined above, are illustrated by way of example 50 
only in the following Example and accompanying 
drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 55 

In the drawings: 

Rgure 1 outlines the scheme for the con- 
struction of the plasmid pS]5. 

Figure 2 shows SDS-polyacrylamide gel ana- eo 
lysis of proteins present in cells transfonrned 
with pSjS. An overnight culture of cells was 
diluted 1:10 in fresh medium and incubated at 
37^0 for 1 hour. IPTQ was then added to 
0.1 mM, and Incubatkm was continued at 87**C 65 
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for the number of hours indicated. The size (in 
kOa) and position of molecular weight markers 
are indicated. Proteirts were detected by stain- 
ing with Coomassle blue. 

Figure 3 shows an immunoblot of cells 
expressing recombinant Sj26. Samples of cells 
containing either ptacll (the Parental Plasmid), 
or pSj5 were prepared as described in Rgure 2, 
separated on a 13<V^ SDS-polyacrylamide gel 
and transferred to nitrocellulose. SjAWE Is an 
extract of S.japonicum adult worms. The nitro- 
cellulose was probed with a rabbit antlsera 
prepared against purified p-galactosidas&>S]26 
fusion protein (Smith et.al., 1986), followed by 
|i254abelled Protein A. The position and size 
(kOa) of molecular weight markers are indi- 
cated. 

Figure 4 illustrates the purification of recom- 
binant SJ26. An extract of cells expressing rSJ26 
was applied to a glutathione-agarose column 
and specifically bound material eluted with free 
reduced-glutathione. Successive fractions of 
eluate or a total extract of cells were separated 
on a 13<Md SDS-polyacrylamide gel and proteins 
detected by staining with Coomassle blue. The 
position and size (kDa) of molecular weight 
markers are indicated. 

Figure 5 shows (a) structure of 
pSj10DBam7Stop7 (not to scale): (b) nucleo- 
tide sequence of the last two codons of SJ26, 
the multiple cloning sites introduced Into the 
Sj26 termination codon (underiined by brac- 
kets), the TGA tenminatlon codons in all three 
frames (underiined) followed by the sequence 
of ptac12 beginning at the Pvull site (only the 
first three nucleotides shown, corresponding to 
nucleotides 2067 to 2069 of pBR322). 

Figure 6 shows the production and purifica- 
tion of Sj26-fusion proteins. Extracts of cells 
transformed with ptac12 (parental plasmid), 
pSjIODBami or pSjlODBaml contalnirtg EcoRI 
fragments derived from P.falciparum antigens 
were separated on 13% SDS-polyacrylamide 
gels as either a total extract (T), or after 
purification on glutathione-agarose beads (P). 
Proteins were detected by staining with 
Coomassle blue. The size (kDa) and position of 
molecular weight markers are indk;ated. 

Figure 7 shows the structure of the pGEX 
vectors 

(a) schematic representation of pGEX-l. 
The position of unique Pstl and EcoRV 
restriction sites is indicated; 

(b) nucleotide sequence and coding 
capacity of pGEX-1, pGEX-2T and pGEx-3X 
at the COOH-terminus of the Sj26 cDNA. 
The normal translation termination codon 
of the Si26 cDNA began at nucleotide 7 
and has been destroyed through the 
introduction of oligonucleotides encoding 
cleavage sites for BamHI, Smal and EcoRI 
(underlined by brackets) and TGA stop-co- 
dons in all three frames (underiined). The 
vectors pGEX-2T and pGEX-3X contain 
additional sequences encoding protease 
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cleavage sites recognised by thrombin and 
blood coagulation factor X« respectively. 
Figure 8 shows the expression and purifica- 
tion of glutathione S-transferase in cells trans- 
formed with pGEXH. 5 

(a) Timecourse of expression after in- 
duction. An overnight culture of cells 
transformed with pGEX-l was diluted 1 :10 
in fresh medium, grown for 90 minutes and 
IPTG added to 1mM. Samples were taken 10 
at the times indicated and separated by 
electrophoresis through a IS^Wd Na- 
DodS04-potyacrylamlde gel followed by 
staining with Coomassie blue. The position 

and sizes (kDa) of molecular weight mar- 15 
kers (M) are indicated. 

(b) Purification of glutathione S-transfer- 
ase. Cells transformed with pGEX-1 were 
grown as above except IPTG was added to 

0.1 mM and the culture was harvested 3 20 
hours after induction. Glutathione S-trans- 
ferase was purified as described and 
samples taken of (T) whole cells. (P) 
insoluble pellet and (8) supernatant after 
centriguation, (U) unbound material after 25 
Incubation of supernatant with glutathione- 
agarose beads and (E) purified material 
eluted from beads. Samples were equival- 
ent to 200^1 of culture and were analysed 
as described above. 30 
Figure 9 shows the purification of P.falcipa- 
rum antigens expressed as glutathione S-trans- 
ferase fusion proteins. Samples were analysed 
by electrophoresis though a 100^ NaDodS04- 
polyacrylamide gel followed by staining with 35 
Coomassie blue. (T) total cell extract, (P) 
material purified on glutathione-agarose. Cells 
were transformed with pGEX-t. Ag63 (EcoRV- 
EcoRI) in pGEX-3X (63). Ag361 in pSJ10 (361). 
AgIS in pSjIO (16) and an EcoRI fragment of 40 
RESA in pGEX-3X (R). The positkm and sizes 
(kDa) of molecular weight mai^kers (M) are 
indicated. 

Figure 10 shows protease cleavage of puri- 
fied fusion proteins. 45 

(a) Thrombin cleavage. Purified fusion 
protein from cells transformed with pGEX-l 
or with pGEX-2T containing a 580 bp Rsal 
EcoRI fragment of Ag63 was incubated 

with protease for the number of minutes SO 
Indk^ted. Lanes T, U & G. cleavage 
reactions after removal of glutathione by 
dilution with 40 volumes of MTPBS fol- 
lowed by concentration using a Centrlcorv 
10 concentrator (Amicon Corp.). (T) total 55 
reaction after concentration. (U) reaction 
after incubation with glutathione-agarose 
beads, (G) material bound to glutathione- 
agarose beads. Samples were analysed by 
electrophoresis though a 13<Vo-Na- 60 
DodS04-polyacrytamide gel followed by 
staining with Coomassie blue. The size 
(kDa) and position of molecular weight 
markers (M) are indicated. 

(b) Blood coagulation factor Xa cleav- 65 



age. Purified fusion protein from cells 
transformed with pGEX-l or with pGEX-3X 
containing a 555 bp EcoRV-EcoRI frag- 
ment of Ag63 was incubated for different 
periods with blood coagulation factor X* or 
absort>ed with glutathione-agarose after 
cleavage and analysed as described in (a). 

EXAMPLE 1 

MATERIALS AND METHODS 

Construction of bacterial plasmids 

A 780bp EcoRI fragment of pSjl that contains a 
cDNA of the Mr 26,000 Schistosoma japonlcum 
glutathione S-transferase (Sj26) (Smith et.al., 1986) 
was cleaved under partial conditions with the 
restriction enzyme Sau96i. iigated with two annealed 
oligonucleotides, and Inserted Into the EcoRI site of 
ptacll (Amman et.al., 1983) (Rgure 1). Upon 
transformation of E.coli JM 101 a colony was 
identified that contains a plasntid (pSjS) In which the 
tac promoter Is directly followed by an EcoRI 
recognitk)n site, the sequence ATGTCC (encoding 
Met.Ser) and then the Sj26 cDNA of psjl from 
nucleotide 12 until the 3'-termlnal EcoRI site. The 
plasmki pSj4 was constructed In a similar fashion 
except that different oligonucleotides were used 
that introduced the sequence GATCCCACC 5' to the 
Met codon, the SJ26 cDNA was Isolated from ps]1 as 
a Hinfl-BamHl fragment and the reconstructed Sj26 
cDNA was Inserted into the BamHI site of 
pGS62(Langford et.al,, 1986). A BamHI fragnnent of 
pSj4 that contains the entire Sj26 cDNA was cleaved 
with the restriction enzyme Mnll, Iigated with BamHI 
linkers and cloned into the BamHI site of pLK8 
(CLangford, unpublished wori<). producing a plas- 
mid (pSJT) that contains a BamHi fragment with the 
entire coding sequence of SJ26 up to the AAA.TAA. 
termination codon which has been destroyed by the 
Introduction of a BamHI recognitton site, producing 
the sequence AAA.TCG.GAT.CC. The S|26 BamHI 
fragment was Isolated from pSJ7 and Inserted into 
the BamHI site of plC19H (Marsh etal.. 1984) 
producing a plasmid (pSJ8) In whk^h the SMermlnus 
of SJ26 is next to the Pstl recognition site. DNA from 
this plasmid was cleaved with the restrtotkMi enzyme 
Pstl. incubated with 1 unit of exonudease Ba131 
(Bethesda Research Laboratories) for 2 minutes, 
cleaved with EcoRV and inserted into the Pvult site 
of ptac12-Eco (generated from ptac12 (Amman 
et^.. 1983) by removal of the unique EcoRI site by 
treatment of EcoRI digested DNA with the Klenow 
fragment of E.coli DNA polymerase and religation). 
Transformants were screened for expression of Sj26 
by colony Immunoassay as described (Crewther 
et.al., 1986) using a rabbit ant'sera raised against 
whole adult worms of S.japonlcum (Saint et.al.. 
1986). One strongly immuno-reactive clone (pSJIO) 
was Identified but contained two BamHI recognition 
sites; the BamHI site at the 5'-tenminus of the SJ26 
cDNA was destroyed by filling in of partially BamHI 
digested pSJIO DNA and religation. DNA was 
transfomied into JM 101 (generating the plasmid 
pSJIODBami) or into the methylase deftoient E.Coll 
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strain GM48 (Yanish-Perron et.al.. 1985). Plasmid 
DNA (pSjlODBamT) from one GM48 transformant 
was cleaved under partial conditions with Clal and 
iigated with a pair of annealed oligonucleotides that 
encode TGA termination codons in alt three reading 
frames generating the plasmid pSj10DBam7Stop7 
(Figure 5). Manipulations of DNA were performed as 
described (Maniatis et.al.. 1982). Restriction 
enzymes were obtained from New Englarui Biolabs. 

Purification of Sj26>fuslon protein 

An overnight culture of bacteria was diluted 1:10 
in fresh medium (800ml), grown at 37^*0 for 1 hour, 
induced with 0.1 mM IPTG and grown for a further 3-5 
hours. Cells were collected by centrifugation, lysed 
by sonlcatlon In PBS and spun at 13.000g for 10 
minutes at 4^C. The supernatant was applied to a 
column of glutathione-agarose (Sulphur linkage) 
(Sigma), the column washed with PBS and the fusion 
protein eluted with 50mM Tris-HCI pH9.6 containing 
5mM reduced glutathione (Sigma) (Simons & Ven- 
der Jagt 1977; Harvey & Beutier, 1982). Small scale 
purification (1.5ml of culture) was by Incubation of 
the supernatant of lysed cells with GO\i\ of swelled 
glutathione-agarose beads for 30 minutes and 
boning of the washed beads In protein gel sample 
buffer. The preparation of S.j'aponicum adult worm 
extract and SD&polyacryiamide electrophoresis 
and immunoblotting were as described (Saint et^., 
1988). 

Primer extension sequencing of RNA 

Adutt worms of S.japonicum (Sorsogon strain) 
were obtained by portal perfusion of infected rabbits 
and RNA was purified as described (Saint etal., 
1986). An oligonucleotide complementary to nucleo- 
tides 53 to 37 of the pSjl S\2G cDNA was extended 
on a single stranded DNA template isolatejd from 
Ml 3 phage containing a complete copy of the pSJI 
Sj26 cDNA. Reactions were at 20^*0 for 30 minutes 
and contained annealed template and primer, lOuCi 
each of 32PdATP and 32pdCTP. O.OSmM dTTP, 10mM 
Tris-Ha pH8.5. 5mM MgCI2 and 2 units of the 
Klenow fragment of E.coli DNA polymerase I. The 
extended primer (34 nucleotides) was excised from 
a ^Q0/6 polyacrylamide, 7.6M urea gel and recovered 
by ethanol precipitation after soaking in 0.5M 
ammonium acetate, 5mM EDTA. OAWo SDS for 16 
hours at 4''C. Approximately O.S^g of total S. 
Japonicum RNA was heated at 100°C for 1 minute 
with 100.000 cpm of ^^pAabeWed, primer in the 
presence of 50mM Tris-Hcl pH8.3, 0.1mm EDTA, 
lOmM DTT, 7.5mM MgC12. lOmM NaQ and then 
incubated at 60*^0 for 20 minutes. The mixture was 
then split Into four and incubated at 42*^0 for 15 
minutes in reactior^ containing 5 units of RNAsIn 
(BRL), 0.6 unit avian myoblastosis virus reverse 
transcriptase (Life Sdences lnc.)> 0.1 mM each 
deoxynucleotlde and either 0.075mM ddATP. 
0.06mM ddCTP. 0.03 mM ddGTP or 0.15mM ddTTP. 
Reaction products were separated on an BWo 
polyacrylamide-urea gel and detected by autoradio- 
graphy. 



RESULTS 

Construction of pSjlODBaml 
Adult womw of the parasitic helminth Schlsto- 

5 soma japonicum contain a Mr 26.000 antigen (SJ26) 
that Is a functional glutathione S-transferase (Mit- 
chell et.al., 1984; Smltii etal.. 1986). A plasmid was 
constructed (pSj5) that is expected to encode a 
molecule identical with native Si26 (Figure 1). The 

10 correct 5' terminal structure of Sj26 

(Met.Ser.Pro.lle ) was deduced from the direct 

sequence analysis of Sj26 mRNA purified from adult 
worms of S.japonicum (Materials and Methods) and 
confirmed by protein sequencing of the N -terminus 

IS of Sj26 from adult parasites (in collaboration with 
M.Rubina of the Joint Protein Structure Ljaboratory, 
Ludwig Institute for Cancer Research, Walter and 
Biza l^all Institute of Medical Research). This 
plasmid directs the synthesis in E.cofi of a Mr 26,000 

20 molecule (recombinant Sj26. rSj26) that is indistin- 
guisable from native Sjas by its mobility In SDS 
polyacrytamkie gels (Figure 2) or its antigenicity 
(Figure 3). Furthermore, this molecule is soluble, 
enzymatlcaliy active as a glutathione S-transferase 

^ and retains a property of many glutathione S-trans- 
ferases (Simons & Vander Jagt, 1977; Harvey & 
Beutier. 1962) of binding to a column of immobilised 
glutathione (Figure 4). 
A plasmid. pSJIO DBamI, was constructed that 

30 contains the complete coding sequence of SJ26 
under transcriptional control of the tac promoter 
(Amann et.at.. 1983) and folkiwed by several unique 
restriction endonuclease recognition sites (Materi- 
als and Methods). Induction of cells transformed 

^ with this plasmM resulted in the synthesis of an 
abundant Mr 28,000 molecule (Rgure 6). The larger 
size of this protein is due to the destmction of the 
normal S]26 termination codon in pSjIODBamt 
because of the Introduction of a BamHI linker which 

40 results in the translation of 14 additional amino acids 
before an in frame termination codon Is en- 
countered. Despite these additional amino acids, the 
altered glutathk^ne S-transferase is soluble and 
binds to glutathtone (Rgure 6), suggesting that small 

45 additions to the COOH-terminus of Sj26 do not 
necessarily disrupt binding. 

Expression of Sj26 fusion polypeptides 
In order to test the effect of larger additions to the 
50 COOH tenninus of Sj26 cDNAs con-espondlng to a 
variety of different antigens of Plasmodium falcipa- 
rum were inserted into the unique EcoRI site of 
pSjIODBaml. These cDNAs were all chosen because 
it was known that they were in the correct reading 
55 frame for expression as S]26-fusion proteins. The 
cDNAs corresponded to antigens 16 (Coppel et.al.. 

1983) . 44 (Anders. et.aJ.. 1984). 361 (G.Peterson, 
manuscript In preparation) and 32 (Cowman et.al.. 

1984) . In each instance, transformants could be 
60 Identified that expressed a novel fusion protein of Mr 

> 28,000 that could be easily identified by Coomas- 
sie staining after electrophoresis through an SDS 
polyacrylamide gel (Rgure 6). Furthermore In each 
case the Sj26 fusion protein synthesised by these 
65 ctones was soluble and couki be purified from 
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bacteria] sonicates by tncubation with beads of 
glutathione-agarose (Figure 6). When the purifica- 
tion procedure was scaled up for 1 litre of cell 
suspension, about 5mg of protein was obtained that 
was free of contamination as judged by Coomassie 
staining of potyacrylamide gels. Chromatography of 
tysates of untransformed ceils on a glutathione 
column did not result in the purification of any 
protein. The Sj26-fu5lon proteins retained their 
antigenicity since they were recognised on Western 
blots by specific antlsera (data not shown). 

EXAMPLE 2 

MATERIALS AND METHODS 

Construction of pGEX vectors . 

Muttiple cloning sites were created in the pSjl 
Sj26 cDNA (Smith et.al.. 1986. 1987a) through the 
introduction of a BamHI linker at the unique Mnll 
cleavage site so that the TAA translation termination 
codon of Sj26 was replaced with the sequence 
TCGGATCC. The 5'-tenminus of the pSjl cDNA was 
also altered through the replacement of the 5'-termi- 
nal EcoRi-Sau96i fragment with oligonucleotides 
containing a BamHI cleavage site followed by the 
sequence CACCATGTCC and then nucleotides 
12-38 of the pSJI cDNA, so producing a BamHI 
fragment encoding native Sj26 (Smith et.al.. 1987b). 
This BamHI fragment was inserted into the BamHI 
site of plCigH (Marsh et.aJ.. 1984) such that the 
cDNA 3' -terminus was followed by unique Smal, 
EcoRI, Clal and EcoRV cleavage sites. A blunt- 
ended BamHI-EcoRV fragment containing the rec- 
onstructed Sj26 cDNA was inserted into the Pvull 
site of ptac12AEco {ptac12 (Amann et.ai.. 1983) 
modified by filling in the unique EcoRI site and 
religation) in the correct orientation for transcription 
from the tac promoter. This plasmid (pSjIO) was 
further modified through the introduction of an 
oligonucleotide (TGACTGACTGA) encoding stop 
codons in all three frames into the blunt-ended Clat 
site at the cDNA 3'-terminus. while the BamHI 
cleavage site at the cDNA SMermlnus was deleted 
by filling in using the Klenow fragment of E.cofi DMA 
polymerase I. 

Cells transformed with this plasmid 
(pSj10ABam7Stop7) and Induced with IPTG syn- 
thesised a Mr 27,500 polypeptide but at less than 
201^ of the level In cePs transformed with PSJ5, a 
plasmid derived from ptacll encoding native SJ26 
(Smith et.al., 1987b). This difference in expression 
may be due to the increased GC content and length 
of the region between the tac ribosome binding site 
and the ATG translation initiation codon in 
pS]10ABam7Stop7 (Stormo etal.. 1982; De Boer 
et.al., 19B3b) and so the 3'-terminus of the modified 
Sj26 cDNA in pSJ10ABam7Stop7 containing the 
muttiple cloning sites and termination codons was 
Introduced into pSjS as follows. 

A HIndlll-Ndel fragment of pS|5 encoding the 
tetracycline resistance gene was replaced with a 1.7 
kb EcoRI fragment derived from pMC9 (Miller et.al.. 
1984) containing the lacl^allele and a portion of lacZ. 
Blunt end ligation of purified fragments after treat- 
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ment with the Klenow fragment of E.coll DNA 
polymerase 1 produced a plasmid (p4.5) in which 
lacl^ . amp^ and tac-Sj26 are all transcribed in the 
same direction. The EcoRI cleavage site at the 
3'-teniiinus of the Sj26 cDNA in p4,5 was removed 
by filling in and religation while the EcoRI site at the 
cDNA 5'>terminus was destroyed by mutagenesis as 
described by Mandedd (1986) using a 30-mer 
oligonucleotide to generate the sequence tec- 
GTATTC-Sj26 cDNA. A Bell fragment of this plasmid 
containing the 3'-tenminus of the lacP , the tac 
promoter and the S'-portion of the S]26 cDNA was 
inserted Into the unique Bdl site of a plasmid formed 
by joining a Bctl-EcoRI fragment of p4.5 containing 
BTTV^, oil and the 5'-portion of lacf* and a Bacll-AccI 
fragment of pSj10DBam7Stop7 containing the 3'-ter- 
minus of the Sj26 cDNA followed by muttiple cloning 
sites, termination codons and nucleotides 
2067-2246 of pBR322. Cleavage with Bell was on 
plasmid DNA grown in methylase deficient GM48 
cells (Marinus. 1983) and the EcoRI and Accl termlnil 
were blunt-ended by treatment with the Klenow 
fragment of E.coll DNA polymerase I. A transformant 
was identified containing a plasmid (pGEX-l) with the 
structure shown in Rgure 7. Oligonucleotides en- 
coding cleavage recognition sites of thrombin or 
blood coagulation factor X. were inserted into the 
BamHI site of pGEX-4 generating plasmids (pGEX-2T 
and pGEX-3X) in which the unique BamHI site Is 
frame-shifted by one or two nucleotides (Rgure 7b). 
Nucleotide sequences were confirmed by dideoxy- 
nucleotide sequencing of plasmid DNA (Chen & 
Seeburg, 1985) and except were indicated, plasmids 
were transformed Into E.coll strain JM109 (Yanlsch- 
Perron et.al., 1985). Restriction enzymes and DNA 
modifying enzymes were purchased from New 
England Biolabs and used according to the manu* 
facturer*s instructions. 

P.falciparum cDNAs Inserted Into the pGEX 
vectors were a 555 bp EcoRV-EcoRl fragment and a 
580 bp Rsal-EcoRl fragment of Ag63 (Bianco et.ai., 
1986) in Smal-EcoRI cleaved pGEX-3X and pGEX-2T 
respectivety. 763 bp and 1010 bp EcoRI fragments of 
Ag16 (Coppel et.al.. 1983), and Ag361 (G.Peterson, 
personal communication) in EcoRI cleaved pSJIO 
and a 1317 bp EcoRI fragment of RESA (Favaloro 
et.al.. 1986) in EcoRI cut pGEX-3X. 



Affinity purification of fusion proteins 

50 Overnight cultures of E.coli transformed with 
parental or recombinant pGEX plasmids were 
diluted 1:10 in 800mi of fresh medium and grown 
for 1 hour at ST'C before adding IPTG to O.lmM. 
After a further 3-7 hours of growth cells were 

55 pelleted and resuspended in 1/50-1/100 culture 
volume of mouse tonicity phosphate-buffered saline 
(MTPBS) (150mM NaCI. 16mM Na2HP04. 4mM 
NaH2P04. (pH 7.3)). Cells were lysed on ice by mild 
sonication and after adding Triton X-100 (BDH 

eo Chemicals) to I^Vto, were subjected to centrifugation 
at 10,000g for 5 minutes at 4° C. The supernatant was 
mixed at room temperature In a 50mi polypropylene 
tube on a rotating platform with 1-2ml 50(Vo gluta- 
thione-agarose beads (sulphur linkage. Sigma). 

65 Before use. beads were pre-swoilen in MTPBS. 
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washed twice in the same buffer and stored in 
l^BS at 4"C as a 50Qto soiution (v/v). After 
absorption, fc>eads were collected by centrifugatlon 
at SOOg for 10 seconds and washed three times with 
50ml MTPBS. Fusion protein was eluted by competi- 
tion with free glutathione using 2x1 bead volume of 
50mM Tris-Hcl (pH 8.0) containing 5mM reduced 
glutathione (Sigma) (final pH 7.5. freshly prepared). 
Absorbtion of fusion protein to the glutathione-aga- 
rose beads and subsequent elution are both 
complete within two minutes. Binding of fusion 
proteins to glutathione-agarose can t>e in other 
neutral buffers such as 50mM Tris-Hcl (pH 7.4) or 
MTPBS without Triton X-100. atthough the Inclusion 
of cietergent reduces contamination with E.coli 
proteins. Contamination can also be reduced by 
minimising the period during which cells are sub- 
jected to sonication. The yield of unstable fusion 
proteins can be increased by delaying the addition of 
IPTG until less than an hour before cell harvest 
Yields of fusion protein were calculated from the 
absorbanoe at 280nm using the relation 1 
ODaeo = 0.5mg/ml derived from protein concentra- 
tion estimations (Hartree. 1972) of protein purified 
from cells transformed with pGEX-1 and using 
bovine serum albumin as a standard. 

Mass screening of transformants for expression 
of fusion protein is conveniently carried out on 1.5mi 
culture resuspended in 300 MTPBS. After sonica* 
tion and centrifugation, the supernatant is mixed 
with 50^ of SOQito glutathione-agarose beads, 
washed with 3 x 1 mi MTPBS and the beads boiled in 
lOOjii sample buffer for analysis on a lO^Vb Na- 
DodS04-potyacryiamide gel (l^emmli & Favre. 1973) 
followed by staining with 0.0&^ Coomassie blue. 

Site-specific proteolysis of fusion proteins. 

Cleavage of purified fusion proteins with thrombin 
was at 25"* C in elution buffer containing 150mM 
NaCl. 2.5mM CaCl2 and lOOng human thrombin 
(Sigma) (Eaton et.al., 1986) and SOjig fusion protein. 
Cleavage with human blood coagulation factor X» 
was at 25*C In elution buffer containing lOOmM 
NaCI. 1mm CaCJ2. SOOng human factor X. and SOjig 
purified fusion protein (Nagai & Thogersen, 1984). 
Activation of factor X (Sigma) to factor X, was by 
treatment with Russell's \nper venom activating 
enzyme (Sigma) at 37** C for 5 minutes in a reaction 
containing 7jig factor X, 75ng activating enzyme. 
SmM Tris-Hcl (pH 8.0). 70mM NaCI and 8mM CaCl2 
(Fujilcawa etal., 1972). 

RESULTS 

Construction and structure of the pGEX vectors. 

The plasmid pSj5 directs the synthesis of Sj26 in 
E.coli under the control of the strong isopropyl 
p-D-thiogalactopyranoside (IPTG)-inducible tac pro- 
moter (Smith et.al., 1987b). Through a series of 
manipulations pSj5 was modified so that foreign 
polypeptides could be expressed as fusions with the 
COOH-terminus of Sj26. The resulting plasmid 
(pGEX-1) (Rgure 7) contains 

(a) the tac promoter (Amann etal.. 1983; D 
Boer et.ai., 1983a) followed by the complete 



coding sequence of Sj26 (Smith et.al.. 1986, 
1987a) in which the normal termination codon is 
replaced by a polylinker containing unique 
recognition sites for the restriction endonu- 
5 cleases BamHI, Smal and EcoRi and followed 

by TGA translation termination codons in all 
three reading frames (Figure 7b), 

(b) the p-lactamase gene confening resist- 
ance to ampicillin, 
10 (c) an origin of replication and 

(d) a fragment of the lac operon containing 
the over-expressed lacT* allele of the tec 
repressor and part of lacZ. Two derivatives of 
pGEX-1 were constructed (pGEX-2T and pGEX- 
15 3X. Figure 7b) in which the reading frame at the 

multiple cloning site is shifted by either one or 
two nucleotides through the introduction of 
oligonucleotides encoding the cleavage recog- 
nition sequences of the site-specific proteases 
20 thrombin (pGEX-2T] or blood coagulation factor 

X.(pGEX3X). 
induction of the tec promoter wrth IPTG in ceils 
transformed with pGEX-l results in the synthesis of a 
Mr 27,500 polypeptide consisting of Sj26 with ten 
25 additional amino-add residues at its COOH-ter- 
mlnus (Figure 8a). Despite its abundance, the Mr 
27«500 polypeptide does not form insoluble inclusion 
bodies and remains in the supernatant of cells lysed 
by sonication and subjected to centrifugation at 
30 10,000g for 5 minutes (Figure 8b). Furttienmore. the 
COOii-terminai extension to SJ26 does not affect 
binding to glutathione-agarose and so affinity chro- 
matography of cell extracts results in the efficient 
purification of the Mr 27,500 molecule witti yields of 
35 at least 15 mg/iltre of culture and in the absence of 
detectable contamination with E.coli proteins 
(Figure 8b). Similar properties are observed for the 
modified Sj26 polypeptides encoded by pGEX-2T 
and pGEX-3X that both contain 14 additional 
40 residues at the COOH-termlnus. In the absence of 
inducer, the plasmid encoded lacl*l allele is efficient 
in repressing transcription from the tac promoter 
(Figure 8a). even in E.coli strains such as C600 or 
GM48 (Marinus. 1973) tiiat carry a wildtype ted allele 
45 (unpublished data). 

Expression and purification of Pbsmodium 
falciparum antigens. 
In order to test the generality of the pGEX vectors 

SO as a system for the expression and purification of 
foreign polypeptides, cDNAs corresponding to sev- 
eral different antigens of Plasmodium falciparum, the 
causative agent of faldparum malaria, were inserted 
into the multiple cloning site of the appropriate 

55 pGEX vector. The cDN As chosen encode portions of 
two different antigens {Ag63. Ag361) both reteted to 
heat shock protein 70 (Bianco et.al., 1986; Peterson 
et.al., 1987), and two antigens containing tandemly 
repeated peptides (Ag16. EcoRl-RESA)(Coppel 

60 et.al.. 1983; Favaloro etal.. 1986). In each case 
synthesis of an abundant glutathione S-transferase- 
fusion protein was observed and these fusion 
proteins could be purified by affinity chromato- 
graphy of cell extracts on immobilised glutathione 

65 with yields of between 1.6 and Smg/litre of culture 
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(Rgure 9). Other pofypeptldes that have been 
successfully expressed and purified using the pGEX 
vectors include 8 other P.falctparum antigens, ten 
different antigens of the parasitic tapeworms Taenia 
ovis and T.taeniaformis . and murine inter1eukin-4 and 5 
granuiocyte-macrophage colony stimulating factor 
(unpublished data). 

Protease cleavage of purified fusion proteins. 

The utility of the pGEX vectors for the production 10 
of foreign polypeptides In Exoli can be increased if 
following purification, the glutathione S-transferase 
carrier can be removed from fusion proteins by 
cleavage with site-specrfic proteases. This approach 
has proved successful for fusion proteins containing is 
the recognition site of blood coagulation factor X. 
(Nagai & Thogersen. 1984) or collagenase (Genmino 
& Bastia, 1984), but has sometimes been ineffective 
(Allen et.al.. 1985). 

Oligonucleotides encoding the cleavage recognl- 20 
tion site of thrombin (Chang. 1985) or blood 
coagulation factor X. (Nagal & Thogersen. 1984) 
were introduced immediately 5' to the multiple 
cloning site of pGEX-1 generating the plasmids 
pGEX-2T and pGEX-3X respectively (Figure 7b). 25 
Insertion of a 580 base-pair (bp) Rsal-EcoRI frag- 
ment of the Ag83 cDNA (Blanco etal., 1986) Into the 
Smal-EcoRI sites of pGEX-2T resulted In the 
expression of a Mr 43,000 fusion protein that could 
be purified on glutathione-agarose (Rgure 10a). 30 
Incubation of this protein with thrombin led to the 
production of two fragments, one the glutathione 
S-transferase carrier, and the other a Mr 22,500 
portion of Ag63 (Figure 10a). Efficient cleavage 
occurred within 30 minutes and at an enzyme to 35 
substrate ratio of 1 :5G0. A small proportion of fusion 
protein was resistant to cleavage even after Incuba- 
tion for two hours with a ten-fold higher concentra- 
tion of enzyme. Similarly, Expression of a 555 bp 
EcoRV-EcoRI fragment of Ag63 using the pGEX-3X 40 
vector resulted in the synthesis of a Mr 43.000 fusion 
protein that was cleaved into two fragments by blood 
coagulation factor Xa (Figure 10b). Cleavage with 
factor X» was slower and less efficient than with 
thrombin, possibly due to inefficient activation of 45 
factor X. Three other pGEX-2T fusion and one 
additional pGEX-3X fusion have been tested for 
susceptibility to cleavage by the appropriate pro- 
tease and in each case efficient cleavage was 
observed (unpublished data). Neither of the pro- SO 
teases cleave the glutathione S-transferase carrier 
and so after proteolysis both the carrier and any 
uncleaved fusion protein can be removed from the 
cleavage reaction by absorption on glutathione-aga- 
rose leaving only the purified polypeptide product 55 
(Figure 10). 
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Claims 



25 1 . A recombinant DNA molecule comprising a 

nucleotide sequence which codes on express- 
ion for a fusion protein in which a foreign protein 
or peptide is fused with a glutathione-S-trans- 
ferase enzyme. 

30 2. A recombinant DNA molecule according to 

claim 1, wherein saM nucleotide sequence 
codes on expresskm for a fusion protein in 
which said foreign protein or peptide is fused 
with the COOH-tenminus of s^d enzyme. 

35 3. A recombinant DNA molecule according to 

daim 1 or claim 2, wherein said enzyme is the 
26kDa glutathione-S-transferase of Schisto- 
soma laponlcum. 

4. A recombinant DNA molecule according to 
40 any one of claims 1 to 3. wherein said nudeotkJe 

sequence codes on expression for a fusion 
protein in which said foreign protein or peptide 
is fused to saki enzyme through a deavable Dnk. 

5. A recombinant DNA molecule according to 
45 claim 4. wherein said deavable fink is one which 

can be cleaved by a site specific protease. 

6. A recombinant DNA molecule according to 
claim 5, wherein sak) deavable fink is one which 
is deavable by thrombin, blood coagulation 

SO factor Xa or renin. 

7. An expresston vector having Inserted 
therein a nucleotide sequence according to any 
one of claims 1 to 6. 

8. An expres5k)n vector having inserted 
SS therein a nucleotide sequence capable of being 

expressed as a glutathione-S-transferase 
enzyme followed by at least one restriction 
endonuclase recognitk)n site for Insertion of a 
nucleotide sequence capable of being ex- 
$0 pressed as a foreign protein or peptide fused to 

said glutathione-S-transferase. 

9. An expression vector according to claim 8 
wherein the normal translatkjn termination 
codon of said nucleotide sequence capable of 

65 being expressed as a glutathione-S-transferase 
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enzyme is replaced by a potylinker containing 
unique recognition sites for the restriction 
endonucleases BamHI, Smal and EcoRI and 
followed by TQA translation termination codons 
In all three reading frames. S 

10. An expression vector according to claim 8 
or claim 9 wherein said enzyme is the 26kDa 
glutathione-S-transferase of Schistosoma Ja- 
ponicum . 

11 . An expression vector according to any one 10 
of claims 8 to 10 wherein said nucleotide 
sequence includes a sequence capable of 
being expressed as a cieavable link between 

said enzyme and said foreign protein or pep- 
tide. ^5 

12. An expression vector according to claim 
1 1, wherein said cieavable link is one which can 
be cleaved by a site specific protease. 

13. An expression vector according to any one 

of claims 7 to 12 comprising an expression 20 
control sequence operatively linked to said 
nucleotide sequence for expression of saki 
fusion protein. 

14. An expression vector according to any one 

of claims 7 to 1 3. which is a bacterial plasmid. ^5 

15. An expression vector according to claim 8. 
which comprises- a plasmid selected from the 
group consisting of pSJIO. pSjIO DBamI and 
pSJIO DBam7Stop7. 

16. An expression vector according to claim 8, 30 
which comprises a plasmid selected from the 
group consisting of pGEX-l, pGEX-2T and 
PGEX-3X. 

17. A host cell transfonned with an expression 
vector according to any one of claims 7 to 1 6. 35 

IB. A host cell according to claim 17 which is 
E.coli. 

19. A method of producing a fusk>n protein, 
which comprises the step of culturing host cells 
according to claim 17 or claim 18 under 40 
conditions such that said fusion protein is 
expresed in recoverable quantity. 

20. A method according to claim 19. which 
comprises the step of recovering the fusion 
protein from saki cell culture. 45 

21. A method according to claim 20, wherein 
said fusion protein is recovered tyy the steps of 
lysing said host cells and isolating the fusk>n 
protein from the lysate by contacting it with 
immobilised glutathione. SO 

22. A method of producing a protein or peptide 
which comprises the step of producing a fusion 
protein by the method of any one of claims 19 to 
21, and then cleaving said fusion protein to 
separate said foreign protein or peptide from 55 
said enzyme. 

23. A fusion protein produced by a method 
according to any one of claims 9 to 21, or a 
protein or peptide produced tyy a method 
according to claim 22. 60 

24. A fusion protein comprising a first se- 
quence corresponding to the enzyme gluta- 
thlone-S-transferase and a second sequence 
corresponding to a different protein or peptkle. 



Claims for the following Contracting State : ES. 

1. A method of constructing a recombinant 
DNA molecule which codes on expression for a 
fusion protein In which a foreign protein or 
peptide is fused with a glutathione-S-transfer- 
ase enzyme, comprising the steps of incorpora- 
ting into said molecule a first nucleotide 
sequence coding for a glutathlone-S-transfer- 
ase enzyme and a second nucleotide sequence 
coding for a foreign protein or peptide, so as to 
provide said recombinant DNA molecule. 

2. A method as claimed in claim 1 wherein 
said nucleotide sequences together code on 
expression for a fusion protein in which said 
foreign protein or peptide Is fused with the 
COOH-terminus of said enzyme. 

3. A method as claimed in claim 1 or daim 2 
wherein said second nucleotide sequence 
codes on expression for the 26KDa glutathione- 
s-transferase of Schistosoma japonicum . 

4. A method as claimed In any one of claims 1 
to 3 comprising the step of incorporating Into 
said DNA molecule a further nucleotide se- 
quence capable of being expresed as a cieav- 
able link between said enzyme and said foreign 
protein or peptkje. 

5. A method as claimed In claim 4 wherein 
said further sequence codes on expression for 
a cieavable link whk:h can be cleaved by a site 
specific protease. 

6. A method as claimed in daim 5 wherein 
said sequence codes on expression for a 
cieavable link which can be cleaved by throm- 
bin, blood coagulation factor X. or renin. 

7. A method of constructing an expression 
vector comprising the step of incorporating into 
said vector a nucleotide sequence constructed 
by a method as claimed in any one of claims 1 to 
6. 

8. A method of constructing an expression 
vector comprising the steps of incorporating 
into said vector a first nucleotide sequence 
capable of being expressed as a glutathione- 
S-transferase enzyme foIk>wed by at least one 
restriction endonuclease recognition site for 
insertion of a second nucleotide sequenoe 
capable of being expressed as a foreign protein 
or peptide fused to sakJ glutathk>ne-S-transfer- 
ase. 

9. A method as claimed in daim 8 comprising 
the steps of treating said vector to replace the 
normal translation termination codon of said 
first nucleotide sequence capable of being 
expressed as a glutathione-S-transferase 
enzyme with a polyilnker containing unique 
recognition sites for the restriction endonu- 
cleases BamHI, Smal and EcoRI and folk>wed 
by TGA translation termination codons in all 
three reading frames. 

10. A mettiod as claimed In claim 8 or claim 9 
wherein said first nucleotide sequence codes 
on expression for the 26kDa glutatiilone- 
S-transf erase of schistosoma laponlcum . 

1 1 . A method as claimed In any one of claims 8 
to 10 comprising the step of incorporating Into 
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said vector a further nucleotide sequence 
capable of being expressed as a cleavable link 
between said enzyme and said foreign protein 
or peptide. 

12- A method as claimed in daim 11 wherein 5 
said further nucleotide sequence is capable of 
being expressed as a cleavable link which can 
be cleaved by a site specific protease. 

13. A method as claimed in any one of claims 7 

. to 12 comprising the step of incorporating into 10 
saki vector an expression control sequence 
operatively linked to said nucleotide sequence 
for expression of said fusion protein. 

14. A method as claimed in any one of claims 7 

to 13 wherein said starting vector is a bacterial is 
plasmid. 

15. A method as claimed in claim 8 wherein 
said expressk>n vector comprises a plasmid 
selected from the group consisting of pSjIO. 
pSJIO DBamI and pSjIO. DBam7Stop7. 20 

16. A method as claimed in claim 8 wherein 
said expression vector comprises a plasmki 
selected from the group consisting of pGEX-1. 
pQEX-2TandpGEX-3X. 

17. A method of producing a fusk)n protein. 25 
which comprises the step of culturing host cells 
transformed with an expression vector con- 
structed as claimed In any one of claims 7 to 16 
under conditions such that the fusion protein Is 
expressed in recoverable quantity. 30 

18. A method as claimed in claim 17 wherein 
thehostcenisExoU. 

19. A method according to claim 17 or claim 
18, which comprises the step of recovering the 
fusk>n protein from sakj cell culture. 35 

20. A method according to claim 19, wherein 
said fusion protein is recovered by the steps of 
lysing sakJ host cells and Isolating the fusion 
protein from the lysate by contacting it witti 
immobilised glutathione. 40 

21. A method of producing a protein or peptide 
which comprises the step of producing a fusion 
protein by the method of any one of claims 17 to 
20, and then cleaving said fusion protein to 
separate said foreign protein or peptide from 45 
said enzyme. 



SO 



SS 



eo 



65 



12 



0293249 



5' ThrL ysLeuPro 3' 

I Sj26 cDNA 



EcoRI SQu96i Sau96i EcoRI 

(1) (39) (501) (780) 

I PURIFY PARTIAL 
t Sau96i FRAGh€hfr 




FiG.L 



■ • • 



S293248 



0 0-5 1 1-5 2 2-5 




ptac II 
0 1 2 3 



96- 
67- 

43- 



30- 



20- 




F/aJ. 



029324S 



I— 

LJ 





02932AS 



A 

0 30 60 120 240 




F/a8A, 




t 



• • 

• • • 

• • • 



029324S 



pGEX-1 63 361 16 R 
I •« 1 



MT PTPPPP 




FiG.9. 



I 



029324S 



.pGEX-1 



pGEX-2T-Ag63 



-I r- 



94- 

67- 

43- 



30- 



20- 



14- 



^ ^.. J^ 0 5 10 20 30 60 T U G 




B 



pGEX-1 
M 0 120 



pGEX-3X-Ag63 



5 10 20 30 60 120 T U G 




J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application nufnb«r 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 88304868.8 



Category 



P,A 



P,A 



D,A 



Citation of documant w^h indication, whara appropriata. 

of relevant passagoa 



EP - Al - 0 256 223 (CIBA-GEIGY 
AGj 

* Claims 3,18,19 ♦ 



EP - A2 - 0 264 118 (SHIONOGI 
SEIYAKU KABUSHIKI KAISHA TRADING 
UNDER THE NAME OF SHIONOGI & CO. 
LTD.) 

♦ Abstract ♦ 



EP - Al - 0 134 662 (GENEX COR- 
PORATION ) 

* Claim 1 ♦ . 



PROCEEDINGS OF THE NATIONAL 
ACADEMY OF SCIENCES OF THE 
UNITED STATES OF AMERICA, 
vol. 83, no. 22, November 1986 
(Baltimore, USA) 

D.B, SMITH et al. "M 26,000 
antigen of Schistosoma japonicum 
recognized by resistant WEHI 129/J 
mice is a parasite glutathione 
S-transf erase" 
pages 8703-8707 

♦ Abstract ♦ 



Thi piMcM sMfdirapoft hM bMii dfswA up for tfl cMnt 



to claim 



CLASSiFICATION OF THE 
Ai>PUCATION(lnl.a<) 



1,24 



1,24 



C 12 N 15/00 

C 07 H 21/04 

C 12 N 5/00 

C 12 P 21/00 

C 12 N 9/10 

C 12 N 9/96 

//|(C 12 N 5/00; 

C 12 R 1:19) 



1,24 



1.3 



TECHNICAL FIELDS 
SEARCHED (int. 0.4) 



C 12 N 
C 07 H 
C 12 P 



Placa of aaardt 

VIENNA 



Data of completion of t 

02-09-1988 



Examinar 

WOLF 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O: non-written disclosure 
P : intermediate doeumefit 



T : theory or principle undertyir»g the Irtvention 
E : earlier patent document but published on, or 

after the filing dale 
0 : document cited In the application 
L I document cited for other r eas ons 



a : member of the same patent family, co r re tp onding 
document 



